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ABSTRACT.-Metastatic tumours of the brain are comparatively common, and constitute about 20% of all intracranial tumours. They may be derived from primary growths in any part of the body, but the lung and the breast are the most important sources.
In most cases the tumours are multiple and blood-borne, and originate at the junction of the grey and white matter or in the central grey masses. More rarely a diffuse invasion of the meninges is encountered.
Clinically they are characterized by a sudden or rapid onset, in middle-aged persons, of symptoms of which the most striking are intense and intractable headache out of proportion to the degree of intracranial pressure, symptoms of destruction of conducting pathways, and epileptic episodes. Wasting is severe, and the progress of the disease rapid.
Although cerebral manifestation may precede any obvious evidence of the primary growth, symptoms suggestive of primary disease elsewhere can usually be elicited and its presence confirmed by special investigations, of which X-ray examination of the chest is most valuable.
Treatment should be confined to those cases which experience pain, and should consist of an extensive decompression at the site of the clinical localization.
R suMi. Further, such institutions tend to attract an undue proportion of readily diagnosable and operable growths such as tumours of the pituitary and auditory nerves, making the metastatic tumours appear less common than is actually the case. A more representative picture of the incidence of metastatic tumours can be derived from the records of a general hospital.
Garland and Armitage [3] reporting the results of 264 autopsies on cases of cerebral tumour at Leeds General Infirmary found 12 8% to be metastatic. In this series no less than 33% of the total intracranial masses were tuberculomata, an extremely high percentage which can only be attributed to peculiar local conditions. If the granulomatous masses are excluded the percentage of metastatic tumours in this series becomes 17-1%. Krasting [4] in 817 cases of carcinoma found cerebral metastases in 4.7%. Rau [5] in 851 cases of carcinoma found cerebral deposits in 3-2%.
In cases of bronchial carcinoma a number of differing estimations are available:- Bailey [10] states that 30% of all cases of bronchial carcinoma give rise to cerebral metastasis, whereas in the cases of the breast the figure is 5%. The most arresting feature of these records is the high percentage of metastatic brain tumours that are secondary to a primary carcinoma of the bronchus.
The National Hospital records with 33-3% agree closely with those published by Meagher and Eisenhardt [11] with 35%, whereas Grant [12] finds lung cancer as the primary focus in only 13 * 5%. The former proportions are more than borne out by the present series, in which nine out of seventeen cases (52 9%) originated in the bronchus. The figure becomes more remarkable when the relative infrequency of primary bronchial carcinoma is taken into account.
Ewing [13] and Adler [14] both state that bronchial carcinoma constitutes 1% of the total primary cancers.
There is general agreement that quite apart from improved clinical and pathological diagnosis there has been a true increase in the incidence of primary bronchial cancer.
Barron in 1912 estimated the incidence at 9%. Levy Simpson, from the records at the London Hospital, found a proportion of 4%, and Maxwell and Nicholson [15] from annual records from St. Bartholomew's Hospital give as high a figure as 14,2% .
Assuming that at the present time bronchial carcinoma constitutes as high as 10% of the total cancers there is still a marked discrepancy between this figure and the percentage of metastatic brain tumours derived from this source. It is true that the figures of metastatic brain tumours are derived from neurological institutions where the patients are admitted for cerebral symptoms, and for this reason metastatic tumours derived from obscure sources are more likely to be admitted than those derived from an obvious cancer such as one of the breast. Of all primary malignant growths those of the bronchus may perhaps be the most symptomless for a prolonged period, and thus bronchial carcinoma is particularly well placed to produce cerebral metastasis without revealing its own presence.
Even so there is no escape from the conclusion that bronchial carcinomata have a special tendency to give rise to secondary deposits in the brain.
It has been suggested by some writers that primary neoplasms of the bronchus and lung give rise to cerebral metastasis with unusual frequency, because the growth gains access to the tributaries of the pulmonary vein and so reaches the systemic circulation without the interposition of the filtering field of the lungs.
If this were the explanation we should expect primary bronchial carcinoma to give rise to widely disseminated metastases throughout the distribution of the systemic circulation, and this is not a feature of these tumours. Only occasionally are blood-borne metastases detected elsewhere except at autopsy.
Although a tumour of the brain is more likely to reveal its presence clinically than one of the same size in the liver, kidneys or lymph-glands, the brain appears to be particularly prone to accept from the blood-stream metastatic growths in general and those from the lung in particullar.
In this connexion it is interesting to recall the well-recognized association of cerebral abscess with bronchiectasis.
CLINICAL FEATURES (a) Age
The age of the onset of symptoms varied between the limits of thirty-three and sixty-one years with an average of forty-seven years.
The incidence in successive decades is shown in the following table: It is of interest to compare these figures with the age-incidence of cerebral tumours in general. According to Cushing the incidence of the whole group is at its maximum in the period of forty to forty-five years rising gradually to this point through adolescence and youth and falling away more rapidly. after fifty but still showing a considerable number of cases in the period 60 to 70.
Thus although the greatest incidence of metastatic tumours occurs at approximately the same age-period as that of intracranial tumours in general it is unlikely that a tumour occurring under the age of thirty or over the age of sixty will be metastatic in origin.
(b) Duration of Symptoms
In the present series the greatest duration of symptoms before the patient came under observation was one year, and the least three weeks. The average duration of symptoms of the whole group was four months.
Arranged in three monthly groups we find the following distribution: In six cases the onset was insidious, extending over a period of weeks or months without any episodes which made it possible to give a precise date to the onset of the illness.
In four cases the onset may be described as rapid, the symptoms reaching their height within a month of their onset without, however, any sudden exacerbations.
In no less than seven cases the onset was sudden. In three of these cases the first symptom was an epileptic disturbance; in the remaining four cases of sudden onset the original symptom was either headache or disturbance of function which from that time on remained a permanent feature of the illness. Thus, one case, when in apparently good health, woke with severe frontal headache and double vision both of which persisted. Another was suddenly overcome with speechlessness and suffered severe headache from which he never recovered. Another was able to state with accuracy the day on which the headache began which was at first thought to be migraine. A fourth, when apparently healthy, noticed quite suddenly intense headache and defect in vision due to a hemianopia.
While it is not uncommon for the first symptom of disorder in other forms of cerebral tumour to be an epileptic episode and thus sudden in onset, it is very unusual in other types of growth for the headache and symptoms due to cerebral destruction to set in abruptly as occurred in these cases.
Such histories are of great importance as these cases are likely to be mistaken for vascular accidents, particularly as they occur in elderly patients. One case was for several weeks thought to be suffering from a pontine thrombosis.
The possibility occurs to one that the sudden onset may in fact be due to the arrival of the neoplastic embolus at its destination and to the sudden vascular disturbance likely to occur in the surrounding brain tissue.
(e) Symptoms
Ieadache.-The most constant symptom was headache. In only one case was it absent, and only in two cases was it described as slight. It is noteworthy that in two of these cases mental confusion and apathy were marked features, and in the third aphasia made it impossible to assess the pain other than by observing the patient's behaviour.
In the remaining fourteen cases headache was a conspicuous feature and was of great intensity.
The severity of the pain was often far greater than would have been expected from the degree of intracranial tension as shown by other signs. Thus eight patients suffered from intense headache before the fundi showed papilloedema and before dulling of consciousness or change in the respiratory rhythm, such as might be expected if the intracranial pressure was excessively high, had occurred. In three of these cases the cerebrospinal fluid pressure was measured and was 240, 280 and 200 mm. of fluid respectively, figures which although well above normal are by no means as high as are commonly encountered in cerebral tumours.
It is thus a common feature in metastatic tumours to encounter headache which is of a severity disproportionate to the degree of intracranial pressure.
The pain was usually paroxysmal in incidence, and while in the majority of cases it was described as frontal and occipital in situation certain of the patients localized the site of maximal pain precisely and as was subsequently proved this localization corresponded accurately with the site of the tumour.
One patient always localized his pain in the right occipital region and had an isolated metastasis in the right cerebellar hemisphere. Another localized his pain over the right eye and a large tumour was situated in the right frontal lobe.
Another feature in which the headache differed from that commonly encountered in cerebral tumours was the small effect upon it of methods of dehydration which are usually so effective. Neither magnesium sulphate enemata nor intravenous glucose or hypertonic saline had any appreciable effect, nor did drugs control the pain except in doses which rendered the patient comatose.
Vomiting.-In comparison with headache, vomiting was a relatively unobtrusive symptom. It occurred only in six cases, and in several of these it began only after other symptoms had been present for some time and was never excessive in degree. In eleven cases there is no record of vomiting having occurred at any time during the illness.
Mental change.-In the literature on the subject reference is made by several writers to the frequency, severity, and characteristic nature of the mental changes associated with metastatic tumours.
In the present series symptoms of mental change were completely absent in four.
In a fifth case no mental symptoms had been present until the sudden onset of severe aphasia after which the patient was depressed and agitated by his inability to make himself understood. In nine cases slight mental change was noticed and in all of them consisted of loss of interest, reduced power of attention, irritability and reduction of emotional control.
In three cases only were mental symptoms a conspicuous feature. Of these one was a patient of unstable disposition, of the manic-depressive type, who had on' two occasions been an inmate of a mental hospital. She was moreover aphasic, and it is doubtful how much of her mental abnormality should be attributed to the various factors present. A second patient, a female, showed severe mental disorder which was constant throughout the six weeks she was under observation. She was drowsy and apathetic and'left to herself lay listlessly in her bed without carrying on any purposive activity. She was completely disoriented in all spheres and her memory for recent and remote events was grossly impaired. There was no evidence that she was deluded or hallucinated.
A third case, a male, was drowsy and irritable. When aroused he talked excessively and in an incoherent manner. He was disoriented in all spheres and was both deluded and hallucinated. The hallucinations were never of a fearful kind and his mood was predominately euphoric. His mental state did not change appreciably during the five days that he was under observation. The last two cases exhibited a mental change similar to the delirious states seen in intoxications and comparable with the condition which Siefert [20] regards as characteristic of these cases. In each of these cases the secondary tumours were numerous and widespread through the cerebral hemispheres.
In the other nine cases showing mental abnormality the change was indistinguishable from that found in practically every case of tumour involving the cerebral hemispheres whatever its position or pathological nature.
These findings confirm the view that there is nothing characteristic in the psychological changes found in these cases although a delirious state may be encountered.
Epileptic phenomena.-Epileptic disturbances were noted in 7 of the 17 cases and were varied in type.
In two cases generalized convulsions with loss of consciousness were preceded by localized convulsion of one arm.
In one case generalized convulsions occurred without preceding local phenomena.
In two cases visual fits occurred which in one gave place later to complicated visuo-psychic fits associated with a characteristic " dreamy state."
In one case attacks of inhibitory epilepsy occurred in the left arm, and in another transitory attacks of aphasia occurred.
In all these cases subsequent pathological examination showed a lesion in the subcortical tissue of the portion of the brain which was anticipated from the nature of the attacks, and it would appear that such phenomena are valuable localizing signs of at least one of the metastatic deposits present.
Symptoms attributable to cerebral destruction.-Symptoms due to the destruction of conducting pathways in the brain occurred in eleven cases, and as might be expected were varied in nature depending upon the site of the destructive lesion.
Contralateral hemiparesis with or without cortical sensory loss was present in five cases.
Homonymous field defects, usually taking the form of a complete hemianopia passing through the fixation point, were present in three cases.
Aphasia was present in five cases, and was usually of a mixed type. Signs of involvement of the brain-stem were present in two cases. The symptoms of cerebral destruction were all of localizing value, and corresponded accurately with the site of the lesions found at autopsy or operation when these were performed (8 out of 11 cases).
There were no features in these sytnptoms which can be regarded as distinctive of the pathological nature of the tumour present.
Visual symptoms referable to raised intracranial pressutre.-These were of infrequent occurrence. In only four cases was diplopia from weakness of one external rectus muscle present, and in only three cases was failure of visual acuity noticed. In these cases papillodema was of severe degree and had probably been present for a considerable time.
The infrequency of visual failure was no doubt due to the fact that the period of survival was seldom long enough for consecutive optic atrophy to set it.
Meningeal irritation. [17] in their statement that the intracranial pressure is excessively high in these cases, and make it appear probable that they are wrong in attributing the severe and frequent headache purely to a rise in intracranial tension.
Of (b) X-ray Examination of the Skull Stereoscopic radiograms were taken of the skull in thirteen cases. In eleven of these no abnormality was present.
In one case a localized thickening of the inner table of the skull was observed which proved at operation to be situated over a metastatic deposit from the bronchus.
Another case showed a small punched-out area of rarefaction in the vault which was probably a melanotic deposit, but this was not looked for at the autopsy. It is thus possible to say that X-ray changes in the skull are not seen unless other deposits are present in the bone itself. This is what one would expect, as calcification does not occur in these tumours, nor is the period of survival long enough to make it probable that any signs of pressure absorption will occur in the vault.
(c) X-ray Examination of the Chest Unlike radiograms of the skull, those of the chest may yield most valuable information.
X-ray examination was carried out in nine cases, and in each of these pathological changes were found.
In five it revealed changes in the lung on one side, suggestive, if not absolutely diagnostic, of a primary bronchial carcinoma, and in four cases it revealed the presence of obvious secondary deposits in one or both lungs.
In the eight cases in which the chest was not X-rayed post-mortem examination showed nothing which would have appeared radiologically in two cases. In one case only a partial autopsy was permitted, so that it remains uncertain whether or not radiograms of the lungs would have been of value. In the remaining five cases, in which no examination was made, autopsy showed that X-ray examination of the lungs could hardly have failed to establish the diagnosis beyond doubt. In two cases there was a primary carcinoma of the bronchus which would almost certainly have given rise to the characteristic hilar shadow. In two cases a bronchial carcinoma was originating in a lung already the seat of old tuberculosis, so that at least a pathological picture would have been seen, although it might have been difficult to interpret. In one case the lungs contained many hypernephromatous deposits which must have been seen radiologically. This case was actually diagnosed correctly on clinical grounds.
Thus out of seventeen cases no less than fourteen were-or might have beenshown radiologically to be associated with disease of the lung, either in the nature of a primary growth or of secondary deposits.
Clearly in any case suspected clinically of being one of metastatic brain tumour, a radiogram of the chest is the most valuable accessory to diagnosis at our disposal.
Its routine use in all cases of cerebral tumour of recent onset in elderly people, and in all cases of obscure brain disorder suggesting multiple lesions, is strongly to be recommended.
Of the changes which may be seen, that of multiple secondary deposits is so well known as to require no further comment. More interesting is the appearance of an early bronchial carcinoma, as the change may be so slight as to evade notice unless particular care is taken.
The earliest change is usually an increase of density in the hilar shadow, going on to the formation of an oval shadow at the hilum, which may be no larger than a walnut ( fig. 1 ). Later this extends in a fan-like manner into the lung substance and later may be associated with extensive opacities caused by a pleural effusion or collapse of the lung. 
DIAGNOSIS
The diagnosis has to be made firstly from non-neoplastic disease of the brain, and secondly from other types of expanding intracranial masses.
In only two cases of the present series was there any doubt that the patient was suffering from an expanding intracranial lesion. In one case the condition was thought for some time to be a pontine thrombosis, and in another the diagnosis of multiple vascular lesions was only abandoned after autopsy.
The features which are of particular value in recognizing a cerebral tumour as metastatic appear to be the short history and often sudden onset of symptoms in an elderly person with signs of general failure of health disproportionate to the nervous disorder: The presence of headache of excessive degree without other signs of intense intracranial pressure; the occurrence of slight symptoms of signs pointing to disease elsewhere especially in the lungs.
In such cases investigation of the other organs, of which X-ray examination of the chest is the most valuable, will usually reveal the presence of a primary growth or of other secondary growths.
Of other types of expanding intracranial lesions, the one which most closely resembles a metastatic tumour clinically is a cerebral abscess. In this condition the onset may be rapid or even sudden, the headache is of a similar order of intensity, and in the case of metastatic abscesses there is frequently associated disease of the lung. Pyrexia may be present in either, but in cases of an abscess is of slight degree, seldom exceeding 1000F. The cerebrospinal fluid in cases of abscess commonly shows a pleocytosis which was not seen in any of the cases of metastatic tumour here reported. A polymorphonuclear leucocytosis is common in a cerebral abscess, but may occur in metastatic tumours. Wasting is a more constant feature in the latter disorder though it is also seen in cases of abscess of any standing. Gliomata in elderly subjects often run a rapid course and are the tumours for which metastatic deposits are most frequently mistaken. Although there are no points of absolute distinction it can be said that in gliomata the onset is more often insidious, the headache is less intense and more directly proportional to the degree of intracranial pressure present, and wasting is a less conspicuous feature.
In such cases there is no evidence of disease in the other organs.
As regards topographical diagnosis, metastatic tumours do not present any particular features.
Of the eleven cases subjected to autopsy, more than one tumour was present in nine, and yet in only two of these cases was there clinical evidence to suspect more than one cerebral lesion. In one it was recognized that multiple lesions were necessary to explain the signs but these were thought tobe vascular, and in another the signs were interpreted by different observers as being due to a right cerebellar and left frontal lesion respectively. Actually tumours were present in both these regions.
Thus, contrary to what might be expected, signs suggestive of multiple lesions are not characteristic of metastatic tumours, having occurred in three, at most, of the seventeen cases.
PATHOLOGY (a) The Gross Appearance of the Brain
In many cases obvious abnormalities of the brain could be seen before it was hardened and sectioned.
Signs of increased intracranial pressure, namely, general convolutional flattening and cerebellar pressure cone were common. In many cases nodules of growth could be seen protruding through the cortex and attached to the pia. In only two cases had the tumour extended out to involve the dura mater, and here the attachment to the dura in only one small section of the tumour's circumference made it probable that the invasion of the dura was a secondary process.
It was upon section of the hardened brain that the gross appearances of the tumours became obvious.
Number. In the eleven cases submitted to autopsy multiple tumours were present in nine and only one in two cases.
Position.-No particular portion of the brain appeared to be especially liable to the deposits, the hemispheres, cerebellum, and brain-stem being all involved in different cases.
A very constant feature was the relationship of the tumour to the white and grey matter ( figs. 2 and 3 ). In the cerebral and cerebellar hemispheres the tumours were practically invariably situated at the junction of the white and grey zones, spreading out concentrically into each in the case of the larger masses. The smaller the deposit the more accurately did its position correspond to this junction. In the brain-stem the masses appeared to start in the central grey matter and basal ganglia.
In this connexion it is interesting to note that multiple blood-borne cerebral abscesses have precisely the same distribution, a fact which has been attributed to the fact that the area of junction between the grey and white matter is relatively avascular, being the watershed between the arterial supply entering the brain from the pia and that derived from the central arterial tree through the white matter. In this view the relatively poor blood supply of this area makes it particularly vulnerable to the attack of a blood-borne or direct infection.
That this zone does represent a watershed between two vascular supplies is confirmed by Pfeiffer [18] , but from his account there is no reason to suppose that the subcortical zone is less richly supplied than the rest of the white matter, and the selective tendency for tumours to originate here would seem to be more readily explained by the fact that here a great number of the arterioles from the surface break up into their terminal capillaries, and thus this area forms a very efficient filter for any minute emboli in the circulation.
Appearance of tumours.--The metastatic nodules varied in size from hardly visible masses the size of a pin's head, to masses the size of a golf ball. The larger masses occurred in cases in which the tumours were smallest in number.
They were spherical in shape and of a granular friable consistency and pinkishbrown colour, with the exception of the black melanomata (figs. 4 at their periphery, so that in some cases each nodule was demarcated from the surrounding brain by a halo of blood-clot.
Cystic degeneration was common (figs. 6 and 7). In the majority of instances it took the form of small gelatinous areas in the tumour, but in some the cyst was of considerable volume, so that a gush of fluid was liberated at operation or autopsy. This is of importance, as cyst-development is so often considered a feature confined to gliomata and vascular neoplasms.
In other cases necrosis occurred, leading to the production of areas resembling very closely, to naked-eye examination, areas of ischiemic softening.
Appearances of the brain.-The most striking feature of the surrounding brain tissue was cdema of the white matter, often extending far away from the metastatic tumour. Thus in one case where there was an isolated mass in the left occipital lobe, there was noticeable cedema throughout the hemisphere as far as the frontal zone. This aedema led often to general enlargement of the hemisphere in which a metastatic mass was situated, and may well account for the diffuse and fluctuating symptoms referred to by many writers on the subject.
In some cases dilatation of the ventricular system was present, particularly if there was a mass of any size in the cerebellum.
Appearance of the meninges.-In none of the cases did the meninges show any involvement, except in the direct vicinity of the tumour masses. Here the piaarachnoid was adherent to the surface of the tumour if this had extended out to the surface of the cortex, and in two cases what appeared to be secondary invasion of the dura was present.
In none of these cases was anything which could be called a diffuse carcinomatosis of the meninges observed macroscopically.
Appearance of other viscera.-These were simply the changes of the primary growth and of other metastatic deposits which were commonly present. The tqumoturs.-The microscopical appearances of the tumour varied widely according to the site of the primary growth. The characteristic appearances of spheroidal, and oat-celled carcinoma of the bronchus, columnar-celled carcinoma, hypernephroma and melanoma were variously encountered. Where both were examined the histological appearance of the primary neoplasm and the cerebral deposit were identical.
The degenerative changes noticed by the nlaked eye were confirmed microscopically, and hwmorrhage-both old and recent-cystic degeneration, and necrosis were common.
The surrounding brain tissue.-Although on naked-eye examination the tumours appeared well demarcated, microscopic investigation showed that this was not the case in the majority of instances. In the surrounding brain islets of carcinoma cells could be seen for a variable distance. A zone of hemorrhage surrounding the tumour was a common feature.
The most striking and universal change in the brain tissue, microscopically, as macroscopically was cdema. This showed itself both as disintegration of the white matter with the appearance of lacuna in its substance and also by swelling of the neuroglial cells themselves. These were often grossly swollen, distorted in shape with displaced nuclei.
Immediately round the tumour there was, in the majority of cases, considerable increase in the number of astrocytes. Not only were these cells more numerous but abnormal giant forms were encountered.
In Meninges.-It has been stated that no macroscopic changes in the meninges were noted in any of the cases reported, except in the immediate vicinity of a tumour which had reached the surface, in which invasion of the pia-arachnoid and even of the dura was seen.
Where possible portions of the surface of the brain of these cases, remote from obvious tumour masses, were sectioned and examined microscopically. In none of them were cancer cells encountered. Thus in the cases reported discrete intracerebral metastases were present but a diffuse involvement of the meninges was not seen.
The existence of a diffuse carcinomatous invasion of the meninges and subarachnoid spaces in certain cases of carcinoma is beyond dispute, but has not been encountered. Cases have been reported by Sanger [19] , Siefert [20] , Maas [21] , Hassin [22] , Meyer [23] , Grant These two types of carcinomatosis would appear to depend upon different methods of invasion of the nervous system. When the spread is by the blood-stream multiple intracerebral deposits occur, and when by means of the perineural lymphatics the incidence of the disease is upon the meninges.
The former type is the more common, but it is not surprising that occasionally both methods of dissemination occur in the same individual.
That the method of spread in the cases here reported was by the blood-stream is strongly supported by the frequency with which multiple unconnected foci were encountered within the substance of the brain, by the variability in their size, and also by the frequency of a sudden onset of symptoms, and of the almost invariable presence of growth in the lungs. TREATMENT
Since the disease is invariably fatal, leading to death in an average of six months.
from the date of onset of cerebral symptoms, treatment can only be palliative. Since symptoms of cerebral destruction cannot be lessened by surgical interference, and as the danger of blindness occurring an appreciable time before death is. remote, the determining factor in deciding upon treatment is pain.
When pain is absent no form of active treatment is indicated. When it is. present it is usually of severe degree and urgently demands relief.
Unlike the majority of cerebral tumours in which the degree of headache appears.
to vary with the degree of intracranial pressure, these cases showed little relief from dehydration either by magnesium sulphate enemata or by intravenous hypertonic, solutions.
In all these cases these methods were diligently tried, without avail. The same lack of response was noticed to analgesics, whether of the coal-targroup or morphia derivatives, unless given in such doses that the patient becamedeeply comatose. On the other hand, surgical decompression over the site of the tumour never failed to give complete relief from headache and enabled the patients. to spend their remaining days in comparative comfort.
In all cases with headache this appears to the writer to be the only logical treatment, and a considerable area of bone should be removed as strangulation of the brain through the decompression opening with consequent discomfort and& increase in paralytic symptoms is thereby avoided.
